Introduction
Technogenic pressure on water objects by industry and communal enterprises is an urgent issue. According to information published by UNESCO, 80 % of all diseases relate to quality of drinking water. Particular attention should be paid to water pollution with pharmaceutical products (PhP) and biogenic elements. They should be identified. Their composition, distribution, biodegradation, monitoring methods, prevention of contamination and removal of residues should be studied. Bioresistant compounds as water pollution group can be classified as xenobiotics. They are hardly biodegradable and can accumulate in the environment. Even insignificant concentrations in water (10 -6 -10 -9 g/l) adversely affect aquatic flora and fauna, as well as human health during water use. Biogenic elements, when they enter water bodies, lead to their eutrophication. It increases the speed of phytoplankton development on the water surface. Cyanobacteria (blue-green algae) that accumulate on the surface of the water body produce such secondary metabolites as a wide range of toxins, known as cyanotoxins. Despite the fact that they do not develop in a human body, they are considered as pathogenic organisms. It because they can potentially negatively affect human health [1] .
Analysis of research and publications
Numerous studies [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] show very negative effects of even small amount of drugs on water objects. There are groups of drugs that are poorly soluble in water: anti-inflammatory, anesthetics, antibiotics, hormones, drugs that lower the cholesterol content. They have low biodegradability and usually pass through sewage water treatment plants without any changes. Drugstores and hospitals are widely practicing multiple diluting and discharging of injectable drugs of the 2nd and the 3rd class of danger, which have passed expire dates, into a city's sewage system. Their decomposition in the treatment facilities is about 68 %.
PhP can get in wastewaters at each phase of the lifecycle. Analysis allows drawing the conclusion [13] [14] [15] that different groups of bioresistant drugs, which are poorly soluble in water (xenobiotics), can be found in sewage. They are anti-inflammatory drugs, analgesics, antibiotics, narcotics, hormones, drugs that lower cholesterol, and so on. These substances are weakly biodegradable and, passing through the treatment plants without any changes, get into natural waters. Even in small quantities, they have a significant negative impact on water objects.
Medicines have been detected in sewage waters entering the urban sewage treatment facilities in many countries [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Medicines are removed usually inefficiently in the process of treatment and, when getting into natural water sources, they can negatively affect living organisms.
Studies also show negative effects of biogenic elements not only on flora and fauna but also on human health. Biogenic elements include carbon, nitrogen, phosphorus, potassium and others. When treating wastewater, attention is mostly paid to removal of nitrogen and phosphorus, which are associated with eutrophication of water bodies. Slowdowns and even reversibility of the eutrophication process can be achieved by stopping access of biogenic elements to the reservoirs. CO 2 is absorbed by water from the air. Therefore, it is relatively difficult to limit the concentration of carbon in water. The total productivity of water bodies is affected by the amount and nature of nitrogen and phosphorus compounds. Under favorable conditions, 1 mg of nitrogen produces 20-25 mg of algae, 1 mg of phosphorus -40-250 mg [19] . Competent technological assessment and selection of methods for wastewater treatment for specific conditions of water management facilities should be based on knowledge of cleaning processes kinetics, as well as hydrodynamics of structures.
Phosphorus is a part of phosphates, which are used intensively while producing detergents. Phosphates are widely used in food industry and in water treatment processes. The composition of agricultural fertilizers include phosphate minerals. Phosphates are also consequences of plant and animal remains decomposition. Phosphates can enter waterbodies in a variety of ways, in particular, with domestic and industrial wastewater and can be washed out from agricultural fields. Analysis of phosphate content is an important part of integrated control of natural and drinking waters composition.
Phosphates are widely used for treating different boilers. Phosphates are added to water coolant to reduce deposits on the heat exchange surfaces. That is why an important part of boiler waters treatment is continuous control of phosphate concentration, which ensures compliance with technological norms of operation [20] .
Good solubility of organophosphorus compounds in water causes an undoubted danger to the environment and human body. This is due to the ability of organophosphorus compounds to chemically bind and inactivate biological catalysts of various reactions in the body. Organophosphorus compounds possess cumulative properties in living organisms, which further enhances their toxic effects on the environment. Organophosphorus compounds are part of many so-called systemic insecticides. The most toxic among these compounds are nitrites, the least toxic are nitrates. Ammonium nitrogen occupies an intermediate position.
Concentration of nitrogen compounds in municipal wastewaters is not constant and depends on many factors, including the time of wastewater transportation to the treatment facilities. While transporting, organic compounds of nitrogen are mineralized to ammonium nitrogen and its content in wastewater is increasing. Nitrates and nitrites are restored to gaseous nitrogen during transportation, which is released into the atmosphere. Therefore, concentration of nitrates and nitrites decreases. During the process of wastewater treatment in aerotanks, organic nitrogen continues to mineralize into ammonia. If deep biological treatment with nitrification is applied, ammonium nitrogen is oxidized to nitrites, and then to nitrates. In this case, the concentration of ammonium nitrogen is reduced, the concentration of nitrites and nitrates increases. If deep biological treatment with nitrification and denitrification is applied, nitrates, which was formed during nitrification, microbiologically regenerate (process of denitrification) to gaseous nitrogen. Consequently, concentration of nitrates becomes significantly reduced.
Total nitrogen content in municipal wastewater is from 50 to 60 mg/m 3 and may vary depending on the origin of the wastewater [22] .
Results and discussion
Modern ways to purify wastewater vary a lot. They can be divided into mechanical, chemical, physical, biological, and their combinations. Conventional classification is presented at Figure 1 . Analysis shows feasibility of biochemical methods application for purification of pharmaceutical effluents. Advanced classification of wastewater purification methods, based on recent studies, is presented at Figure 2 . Comparative characteristic of sewage treatment methods is presented in Table 1 . Effectiveness of biochemical purification for the most modern treatment plants is 90 % by organic matter and only 20-40 % by inorganic. If wastewater contains water contains more than 1000 mg/l of phenol, 300-500 mg/l of alcohol, 25 mg/l of petroleum products, it cannot be purified. Creation of effective biological treatment facilities and apparatus operating in such conditions is a promising direction in the technology of sewage treatment around the world. One of these facilities is membrane bioreactors (MBR) [23] .
Membranes came into use in the early 1990's. Membranes are traditionally used for wastewater treatment in the next cases: -in membrane bioreactors (which are pressurized devices or deepened membrane modules in vacuum) for separating purified wastewater from active sludge and for water after purification from suspended particles; -while reusing waste-water and circulating water supply for removal of suspended particles and reduction of total salt content in biologically purified wastewater.
Membrane technologies can be used independently or ISSN 2413-7723. Ýíåðãîòåõíîëîãèè è ðåñóðñîñáåðåaeåíèå. 2018. ¹ 3 At the beginning of 1990's guaranteed life time of membranes was no more than 3 years. Modern manufacturers guarantee minimum 5-year lifetime, and some of them even up to 8-10 years. One of the main characteristics of membrane technologies is the ability of membranes to remove pathogenic microorganisms from wastewater, while simultaneously disinfecting it. This is very important for pharmaceutical wastewaters. If one gram of solid household waste can contain from 0.1 to 1 billion microorganisms, pharmaceutical wastewaters can contain up to 200-300 billion of them. There can be pathogenic and bioresistent types of infections among them [23] . Table 3 and Table 4 can serve as guides for selecting a membrane technological process for different purposes.
Application of highly effective membranes is critical to effectiveness of membrane filtration technologies [23] [24] [25] . There are two main types of membrane bioreactor modules in use for water treatment plants. The first one is based on hollow fiber and the second -on flat membranes. Because of applying combined technology, membrane bioreactors combine the processes of microfiltration and ultrafiltration, as well as the process of aerobic biological treatment of wastewater ( Figure 3 ) [11, 25] . The membranes in these reactors are not used for removing primary contaminants, but for removing biomass of activated sludge that is formed in the main capacity of the bioreactor (aerotank).
Secondary wastewater treatment (biological treatment) usually reduces phosphate content by 1-2 mg/dm 3 . Nitrification is the process of oxidation of ammonium nitrogen to nitrites and nitrates with air oxygen, which is carrying out by nitrifying microorganisms. During the first stage of the nitrification ammonia is oxidized to nitrite, during the second stage -nitrites are oxidized to nitrates. The optimal pH value for nitrification process is 7-9, but the process is also possible at pH 6-7.
Denitrification is the process of reducing nitrites and nitrates to free nitrogen, which is released into the atmosphere. The process can be realized with the presence of a certain amount of organic substrate in water, which is oxidized by saprophytic microorganisms to CO 2 and H 2 O with the help of oxygen of nitrogen-containing compounds. During denitrification, wastewater is purified simultaneously from biologically oxidizable organic compounds and from 12 nitrogen compounds.
Denitrification proceeds goes the most effectively at pH value from 7 to 7.5. Any biologically oxidizable organic compounds (carbohydrates, alcohols, organic acids, etc.), as well as wastewater Total nitrogen < 5 < 10
Total phosphorous < 0,2 < 1 after primary settling tanks, industrial effluent (preferably nitrogen-free), can be used in denitrification process as organic substrate. If this is the case, it is necessary to maintain correlation between the values of BOD and nitrates as 4 to 1. Traditional biological treatment facilities, such as aerotanks and biofilters, can be used for the processes of nitrification and denitrification.
Denitrification of nitrate nitrogen with substrate addition. This technology involves adding into aerotanks, where processes of nitrification and denitrification take place, additional amount of organic substrate. Ethanol, methanol and acetic acid are used as the substance. The result is better efficiency of nitrites removal when the ratio of BOD to nitrogen in wastewater is inadequate. The technology can be implemented both at the stage of biological treatment and aftertreatment. It allows removal of nitrogen compounds with up to 90 % efficiency. Residual nitrogen is obtained mainly in the least toxic form -the form of nitrates. Content of ammonium and nitrite forms is minimized. The technology is expensive because of its high operating costs. It is also hazardous to maintenance personnel (methanol and acetic acid are hazardous substances).
Anaerobic ammonium oxidation (ANAMMOX). Half of the ammonium, which is contained in wastewater, is oxidized to nitrite during the process of biological nitriding in the first reactor. The second half is oxidized by nitrite formed in the second reactor under anaerobic conditions. It is also possible to apply simul- Treatment with membrane bioreactor Fig. 3 . Generalized scheme of membrane wastewater purification: 1 -screen; 2 -sand catcher; 3 -aerotank; 4 -membrane filtration block; 5 -capacity for purified wastewater.
taneous technology, when both processes take place in the same reactor. It increases nitrogen removal efficiency and reduces greenhouse gases emission (ÑÎ 2 is consumed during the process). The technology has low energy consumption, produces little sediment and does not depend on sources of organic substances for denitrification. However, technology requires high-quality maintenance personnel. Biosorption aftertreatment. The technology is a combination of wastewater purification with activated sludge and powdered activated carbon (PAC). The PAC is added into aerotanks in amounts that can be extracted from the wastewater with excess activated sludge. Sorption of difficult-to-oxidize contaminants take place on the surface of PAC with their subsequent oxidation. High efficiency of organic and nitrous contamination removal can be achieved. Characteristics of purified wastewater can be: chemical oxygen demand (COD) -less than 10 mg/dm 3 ; BOD5 -less than 3 mg/dm 3 ; total nitrogenless than 1 mg/dm 3 ; ammonia nitrogen -less than 0,2 mg/dm 3 .
Another type of technology involves adding of fluidized bed loading in the form of granular activated carbon (GAC) instead of PAC. Advantage of the technology is longer useful life of GAC and, consequently, less amount of waste formed. However, the technology is expensive because of high cost of activated carbon.
Sorption aftertreatment with activated carbon. The technology involves filtration of wastewaters through filters of various designs filled with GAC. Sorption of organic contaminants and ammonia nitrogen take place there. The technology provides COD reducing to 5-15 mg/dm 3 , BOD5 -less than 3 mg/dm 3 , ammonia nitrogen -less than 1 mg/dm 3 . However, a lot of waste is generated as a result (used GAC).
Sorption aftertreatment with mineral sorbents. Wastewater is filtered through filters of various designs, loaded with mineral sorbents. Different types of zeolites, including chemically modified, modified clays, are used as sorbents. The result is organic contaminants and ammonia nitrogen removal. It is possible to achieve the following wastewater characteristics: COD -5-15 mg/dm 3 ; BOD5 -less than 3 mg/dm 3 ; ammonia nitrogen -less than 1 mg/dm 3 . Technology requires applying additional facilities. The problem is the necessity to purify regenerative water generated during the regeneration of sorbents.
Aftertreatment in bioponds. The technology involves putting treated wastewater into open-air reservoirs or water bodies and keeping it there from a few days to 1-2 weeks. Mainly bacteria, similar to purification in aerotanks, do purification. Removal of biogenic elements is due to the growth of biomass of water plants. Aftertreatment allows reducing suspended particles content to 10 mg/dm 3 . It allows reducing ammonium nitrogen content to 2 mg/dm 3 , BOD5 to 5 mg/dm 3 . In the presence of higher aquatic plants, there is a significant reduction in the content of nitrogen and phosphorus.
Ultrafiltration. Wastewater goes under pressure through a semipermeable membrane. As a result, there is separation of filtrate (purified water) and concentrate (concentrated solution of contaminants). Ultrafiltration membranes with a pore size of 0.1-0.01 ìm are used. The result is efficient removal of suspended particles, colloidal particles, bacteria, viruses, and the like. When using reagents, efficient phosphate removal is possible. Technology is expensive and requires a lot of energy input.
Photopurification technologies. Photopurification systems (PPS) are divided into systems with open water surface (open bioponds with higher aquatic vegetation) and systems with subsurface water flow (closed structures of the hydroponic type). Organic compounds are decomposed in aerobic and anaerobic conditions with the help of bacteria, which develop on underwater or underground parts of aquatic plants, as well as on the surface of mineral loading. Nitrogen removal take place due to such processes as nitrification, denitrification, ANAMMOX, assimilation by plants (during the period of their biomass growth). Phosphorus is removed due to exchange-sorption reactions on the surface of mineral loading by formation of insoluble or slightly soluble salts. PPS can provide efficient purification of wastewater without requiring electricity, reagents or complex equipment. There are no wastes also. All PPS require large areas. In addition, at temperatures of 3-5°C all biological processes are slowed down significantly. Under such conditions, these structures operate with significantly lower efficiency.
Aftertreatment with microalgae. Microalgae are good absorbers of biogenic elements. They use nitrogen and phosphorus compounds in the process of photosynthesis. Consequently, microalgae can be used purifying wastewater primarily from biogenic elements. Thus, it is possible to reduce the risks of eutrophication development in open water bodies when discharging treated wastewater.
Microalgae are an effective solar energy converter, capable of restoring carbon dioxide to a range of complex energy-intensive molecules such as hydrocarbons, proteins, lipids. It allows them to be used for further production of biodiesel, biobutanol, bioethanol, hydrogen, biogas, vitamins, antioxidants, amino acids, etc. [26] [27] [28] [29] . Biomass of al-gae can be successfully used for the production of semi-finished products, with following synthesis of biodegradable polymers out from them.
It is possible to get different contents of hydrocarbons, proteins and lipids in biomass of microalgae by changing the conditions of their cultivation [30] . To do this, it is necessary to provide optimal cultivation parameters for the selected microalgal culture, such as initial concentration of cells in sewage, intensity of illumination, ambient temperature, etc. By changing these parameters, it is possible to cultivate biomass of different biochemical composition.
Conclusions
Based on this research a conclusion can be drown that prospects of wastewater purification from bioresistant PhP and biogenic elements are as follows:
1. Among the variety of existing wastewater treatment methods, such as mechanical, chemical, physical and chemical, biological purification is cha racterized by the highest efficiency (up to 99 %).
2. Taking into account complexity of PhP biodegradation, biosorption-membrane methods give the possibility of efficient use of modern biotechnologies in the field of wastewater treatment and efficient removal of bioresistant xenobiotics of anthropogenic nature during wastewater treatment.
3. Since the pore of membranes are smaller than the size of microorganism's cells, there take place partial disinfection of wastewater in MBR. Bacterial and viral removal efficiency is about 99 %.
4. Due to the fact that the pore size of ultraand microfiltration membranes is several times smaller than the size of cells of activated sludge, it is impossible for it to end up in filtered water. This is a significant operational difference from secondary sedimentation, where present of sludge in treated water is a problem of exploitation.
5. Using MBR in technological schemes of water treatment can significantly reduce reagents amount. It can also allow refusing application of deep purification phase to remove bioresistant xenobiotics of anthropogenic nature.
6. Application of photopurification technologies with microalgae cultivation can reduce discharges of biogenic elements in surface water bodies, thereby reducing their potential for eutrophication. It also can help to obtain additional renewable energy sources, primarily in the form of biodiesel and biomass, made from microalgae.
The prospects of microbiological methods of wastewater purification from bioresistant PhP are quite optimistic and well grounded. For purification of water from this kind of xeobiotics, there is a more promising way of combining microbiological and membrane methods. For wastewater purification from biogenic elements, it is promising to use photopurification technologies with microalgae cultivation.
